Stronach and Perrimon, 1999
et al., 1998), the lifespan extension in puc mutants is likely to be caused by higher levels of JNK signaling.
Lifespan Extension by Elevated
We tested the requirement for a functional JNK pathway Levels of JNK Signaling in the longevity of puc mutants directly by comparing According to the free radical theory of aging (Harman, the lifespan of puc E69 heterozygous males in a wild-type 1956), one genetic determinant for the lifespan of an background to puc E69 heterozygotes in a hep 1 hemizyorganism is its sensitivity to oxidative stress. We asked gous backgound ( Figure 3B ). Heterozygosity for puc whether the protection against oxidative damage that is leads to an only modest increase in mean and maximum brought about by an increase in JNK signaling potential lifespan of hep 1 hemizygous flies, indicating that a funcmight be sufficient to extend Drosophila's life expectional JNK cascade is required for efficient lifespan extancy. We examined flies heterozygous for puc to test tension in puc mutants. These results strongly support this hypothesis, since our experiments demonstrated that the notion that the longevity phenotype observed in puc the tolerance of flies to oxidative stress increases with mutants is due to an increase in JNK signaling activity. decreasing gene dose of puc. Flies heterozygous for
Our genomic experiments suggested that elevated either one of two different loss-of-function alleles of puc JNK signaling activity causes higher basal levels of pro-(puc A251.1 or puc
E69
; Martin-Blanco et al., 1998) showed tective genes. We tested whether constitutive overexdramatic extensions of median and maximum life expecpression of one of the identified JNK target genes, hsp68, tancy compared to wild-type flies and to flies of an would be sufficient to extend lifespan of Drosophila (Figisogenic control strain (Figures 3A, 3C, and 3D) . The ure 3E). In agreement with our hypothesis, we observed difference in the degree of lifespan extension by the small but significant increases in mean and maximum two alleles correlates well with their described allelic lifespan in flies that overexpress hsp68 compared to strength (McEwen et al., 2000) . Our results thus suggest isogenic wild-type controls. This experiment is consisa direct relationship between the decrease of Puc activtent with earlier observations in which increased expresity in the mutants and the resulting lifespan extension. sion of chaperones extended the lifespan of Drosophila (Tatar et al., 1997) . Since biochemical and genetic data indicate that the Figure 4B ). In contrast, oxidadative damage in aging puc heterozygotes ( Figure 4E ) further supports this view. JNK signaling thus emerges tive stress tolerance and tolerance to starvation differ markedly between wild-type and puc heterozygous flies as an evolutionarily conserved gene-regulatory network that limits oxidative damage in the organism and its (Figures 2 and 4C) . Importantly, 10-day-old puc heterozygotes contain significantly decreased levels of oxiimpact on aging. dized proteins ( Figure 4D ). The quantity of protein oxidation products, such as polypeptides carrying carbonyl organism from oxidative challenge (which we show here RU486-induction was performed by feeding flies with 400 g/ml RU486 in 5% sucrose on filter paper for 1.5 hr. Filter paper was to be correct), it may seem surprising that, until now, then exchanged for filter paper soaked with 400 g/ml RU486 and no evidence has been produced that links JNK signaling 20 mM paraquat in 5% sucrose. Survival was assessed after 20 hr.
to an extended lifespan. Evidently, experimental limita- (Levine et al., 1990 ), using 30 10-day-old male flies per genotype volved in axonal outgrowth and myoblast fusion. Genes Dev. 8, homogenized in 500 l 5 mM phosphate buffer (pH 7.5).
1787-1802.
Real-Time RT-PCR
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